Conclusions-Restricting the term "c-ANCA" to the "classical" description of central/interlobular accentuation on IIF, will improve its correlation with PR3-ANCA positivity and a diagnosis of systemic vasculitis. (J Clin Pathol 1999;52:124-128) 
Antineutrophil cytoplasmic antibodies (ANCA) are autoantibodies directed against neutrophil cytoplasmic antigens. [1] [2] [3] [4] [5] [6] ANCA which produce cytoplasmic granular fluorescence showing central or interlobular accentuation on indirect immunofluorescence (IIF) using ethanol fixed normal human neutrophils 2 are reported to have a high diagnostic specificity for Wegener's granulomatosis, a form of systemic vasculitis. [3] [4] [5] This IIF pattern has been termed C-ANCA, "c" denoting the "classical" pattern illustrated in the original report associating ANCA with Wegener's granulomatosis, 6 and correlates with antibodies to proteinase-3 (PR3), a 29 kDa serine protease.
1 7 PR3-ANCA are detectable by enzyme linked immunosorbent assay (ELISA), and are strongly associated with Wegener's granulomatosis. [1] [2] [3] [4] [5] [6] [7] [8] Nevertheless, IIF remains the preferred screening test for ANCA by most laboratories as it is cheaper, possibly more sensitive than standard ELISA, 9 and also shows other useful IIF patterns. 1 Despite the above definition of C-ANCA at the First International ANCA workshop 2 and by the Association of Clinical Pathologists, 10 routine laboratories often report C-ANCA when there is any cytoplasmic staining regardless of pattern. A recent Australasian quality assurance programme survey found that 34 of 39 laboratories (87%) reported the pattern shown in fig 1A as C-ANCA positive, despite the absence of central/interlobular accentuation. Only two of 20 laboratories (10%) that performed a PR3-ANCA ELISA on this sample reported an unequivocally positive result. In addition, several recent publications and immunopathology texts have failed to emphasise the importance of central/ interlobular accentuation of cytoplasmic staining [11] [12] [13] [14] and have even used non-classical patterns to illustrate C-ANCA. 11 This trend away from established guidelines 2 10 risks reducing the diagnostic usefulness of the C-ANCA IIF pattern for Wegener's granulomatosis. Observations in our laboratory have shown that PR3-ANCA negative, cytoplasmic ANCA IIF positive sera in which the staining pattern was not considered had a low positive predictive value (15%) for Wegener's granulomatosis and systemic vasculitis (Mallon D et al, submitted for publication).
The aims of this study were to classify diVerent cytoplasmic ANCA patterns and therefore determine whether stringent application of the above criteria 2 10 would produce a better correlation between C-ANCA and (1) PR3-ANCA ELISA results; (2) a diagnosis of systemic vasculitis (including Wegener's granulomatosis).
Methods

SPECIMENS
We studied sera obtained from 72 diVerent patients which produced cytoplasmic IIF staining. Forty eight (67%) of these were randomly selected from stored specimens collected over a two year period in a diagnostic immunopathology laboratory that examines about 3500 specimens for ANCA a year. Twenty four (33%) were consecutive specimens collected over a four month period in 1996.
INDIRECT IMMUNOFLUORESCENCE IIF was adapted from the method of Wiik. 15 Briefly, human neutrophils were isolated from peripheral blood of healthy donors by layering over lymphocyte separation medium (ICN Biomedicals) for 30 minutes at 400 g. Cells remaining above the medium were washed in phosphate buVered saline (PBS) with 1% human serum albumin (Sigma), cytocentrifuged onto slides, and fixed with ethanol at 4°C for five minutes. Patients' sera were applied at serial fourfold dilutions (from 1:10 to 1:640) in PBS. Bound antibodies were detected with fluorescein isothiocyanate conjugated rabbit antihuman IgG (Dako) diluted 1:60. PR3-ANCA positive serum from a patient with Wegener's granulomatosis and normal human serum were used as positive and negative controls, respectively.
The IIF staining pattern was classified into one of three categories by consensus agreement between two observers (RW and RS) who did not know the PR3-ANCA ELISA results when performing the IIF: (1) "true" C-ANCA pattern ( fig 1B) with central or interlobular accentuation of granular cytoplasmic staining 2 10 ; (2) "flat" ANCA pattern ( fig 1C) with homogeneous granular cytoplasmic staining and no central/interlobular accentuation 10 ; and (3) "atypical" ANCA pattern (fig 1D) , which included all other cytoplasmic patterns. The end point titres were determined by consensus agreement.
ELISA FOR PR3-ANCA AND BACTERICIDAL/ PERMEABILITY INCREASING PROTEIN (BPI) ANCA PR3-ANCA were detected using a solid phase ELISA (ORGenTec), performed according to the manufacturer's instructions. Briefly, prediluted standards, controls and patients' sera were added to PR3 coated microtitre plate wells and incubated for 30 minutes. After washing, horseradish peroxidase conjugated antihuman IgG was added, and then developed with 3,3',5,5'-tetramethyl benzidine. After 15 minutes, colour development was stopped with 1 M hydrochloric acid and the optical density measured at 450 nm. A six point standard curve was used, based on the company's internal reference material. A cut oV value of 10 U/ml was used to define positive samples. Six (28.5%) of the "flat" ANCA sera were tested for BPI-ANCA by ELISA (ORGenTec) using the same technique as for the PR3-ANCA ELISA.
CLINICAL DATA
The patients' underlying diagnoses were ascertained by reviewing the case records if these were held at Westmead Hospital, or by discussion with the requesting doctor. The 1994 Chapel Hill Consensus Conference definitions for Wegener's granulomatosis and other vasculitic entities were used for the diagnosis and classification of patients. 16 A positive ANCA result was not used as a criteria for diagnosing systemic vasculitis or Wegener's granulomatosis.
STATISTICAL ANALYSIS
The 2 test was used for comparison of results between groups, and Fisher's exact test where appropriate.
Results
"TRUE" C-ANCA PATTERNS AND PR3-ANCA POSITIVITY Of the 72 specimens, 27 (37.5%) showed a true C-ANCA pattern, 21 (29%) a flat ANCA, and 24 (33.5%) an atypical ANCA (table 1) . There was a strong association between the true C-ANCA pattern and PR3-ANCA by ELISA. Thus 25 of 27 specimens with a true C-ANCA (92.5%) contained PR3-ANCA, compared with none of 21 with a flat ANCA and only one of 24 with an atypical ANCA (p < 0.0001).
The median and mode titres of all three patterns were the same at 1:160, but there was a trend towards higher true C-ANCA titres.
"TRUE" C-ANCA PATTERNS AND SYSTEMIC
VASCULITIS
Clinical information was obtained for 23 of 27 sera (85%) with a true C-ANCA, 19 of 21 sera (90.5%) with a flat ANCA, and 22 of 24 sera (91.5%) with an atypical ANCA (table 2). Of these 64 patients, only 26 (41%) had features consistent with systemic vasculitis (including Wegener's granulomatosis) and tissue biopsy evidence of vasculitis. However, of the 23 sera with a true C-ANCA pattern, 20 (87%) had a diagnosis of systemic vasculitis (including Wegener's granulomatosis), increasing the positive predictive value of the true C-ANCA pattern to 87%. One of the two patients with a true C-ANCA pattern (1:640 titre) but negative PR3-ANCA (confirmed on a diVerent PR3-ANCA ELISA kit (Euro-Diagnostica)) presented with pulmonary haemorrhage and acute renal failure and had renal biopsy findings consistent with Wegener's granulomatosis. No clinical data were available for the other patient.
In contrast, none of 19 patients with a flat ANCA had evidence of systemic vasculitis (p < 0.0001 v true C-ANCA), although one (1:160 titre) had a cutaneous leucocytoclastic vasculitis (table 3) . Six of the 22 patients (27%) with an atypical ANCA (titres of 1:160 to > 1:640) had a diagnosis of systemic vasculitis (p < 0.0001 v true C-ANCA). The one patient with an atypical ANCA (1:160 titre) and a positive PR3-ANCA (confirmed on a diVerent PR3-ANCA ELISA kit (Euro-Diagnostica)) had severe ulcerative colitis requiring pancolectomy, but had no evidence of vasculitis in the excised colon or systemic vasculitis elsewhere. This patient's serum was MPO-ANCA negative by ELISA (ORGenTec).
BPI-ANCA ELISA RESULTS
Of the six flat ANCA sera tested for BPI-ANCA (table 3) , four were positive while two were negative.
Discussion
The diagnostic value of the "classical/true" C-ANCA IIF pattern has been confirmed by Rao et al in a meta-analysis in which C-ANCA had 98-99.5% specificity for Wegener's granulomatosis, 4 and in a prospective study 5 in which C-ANCA had 96% specificity for Wegener's granulomatosis. The diagnostic value of the PR3-ANCA ELISA has also been demonstrated by Jennings et al, 8 who detected PR3-ANCA in 10 of 13 patients with generalised Wegener's granulomatosis, two of 10 patients with microscopic polyangiitis, and three of six with segmental necrotising glomerulonephritis. In the recent European/ British cooperative ANCA assay standardisation study, PR3-ANCA had 68% sensitivity for Wegener's granulomatosis (97 patients), and specificities of 87% and 98% in disease and healthy controls respectively (Hagen EC et al, submitted for publication).
Baslund et al have reported that in 14 sera from patients with active Wegener's granulomatosis, a standard direct binding ELISA detected PR3-ANCA in 10 sera (71%), but IIF was positive in 11 sera (79%), and a combination of three capture PR3-ANCA ELISA was positive in 12 sera (86%). 9 They concluded that IIF may be more sensitive for ANCA than the standard ELISA, hypothesising that PR3 may be denatured during coating onto the ELISA plate, resulting in the loss of conformational epitopes that are targeted by some ANCA. 17 These conclusions may explain why one of our patients with biopsy proven Wegener's granulomatosis was true C-ANCA positive but PR3-ANCA negative.
We also found one patient with an atypical ANCA pattern, a positive PR3-ANCA, severe ulcerative colitis, but no evidence of systemic vasculitis. This is consistent with a report in which one of 15 patients with chronic ulcerative colitis but no evidence of systemic vasculitis had a positive PR3-ANCA. 18 It is important that the true C-ANCA IIF pattern be strongly predictive for positive PR3-ANCA results and systemic vasculitis (including Wegener's granulomatosis), even though ANCA should be only used as an adjunct to tissue diagnosis in the diagnosis of systemic vasculitis. 19 However, in clinical practice tissue samples may be diYcult to obtain or the rate of clinical deterioration may be such that urgent therapeutic decisions need to be made, based on serological tests alone. Furthermore, IIF results are typically available before confirmatory PR3-ANCA ELISA results, and therefore often strongly influence these decisions.
The diagnostic importance of IIF might be questioned given that PR3-ANCA ELISA are readily available, less prone to observer error, and have high diagnostic accuracy. However, IIF is likely to remain the preferred screening test for ANCA because (1) it also detects perinuclear ANCA associated with MPO-ANCA specificity and microscopic polyangiitis 20 ; (2) IIF is cheaper to perform, particularly with an urgent specimen where the material costs of an ELISA for a single specimen exceed that of IIF several fold; and (3) because IIF may be more sensitive than the standard PR3-ANCA ELISA for Wegener's granulomatosis. 9 Although a combination of capture PR3-ANCA ELISA was the most sensitive test for Wegener's granulomatosis, 9 these assays are not widely available.
The antigenic specificity of the "flat" ANCA IIF pattern is of interest, given the description by Zhao et al of the novel neutrophil cytoplasmic antigen, bactericidal/permeability increasing protein (BPI). 21 The investigators detected BPI-ANCA in 45 of 100 sera (45%) that were negative for PR3-ANCA and MPO-ANCA. Although 38 of these 45 sera (84.5%) were reported to be positive for C-ANCA, the precise staining patterns were not described. In our study, only four of the six flat ANCA sera (67%) tested for BPI-ANCA were positive, indicating that BPI-ANCA are not the only cause of flat ANCA patterns. In particular, antibodies to other neutrophil cytoplasmic antigens (including azurocidin), and other cytoplasmic autoantibodies (for example, antismooth muscle antibodies) can produce a flat ANCA pattern. 22 
CONCLUSION
We recommend that the term "C-ANCA" be restricted to IIF patterns showing granular cytoplasmic staining with central or interlobular accentuation. All other cytoplasmic patterns including "flat" patterns should be reported as "C-ANCA (atypical)" until more is known about their antigen specificities and disease associations. This practice will result in fewer disparities between C-ANCA IIF and PR3-ANCA ELISA results, greater diagnostic accuracy for systemic vasculitis (including Wegener's granulomatosis), and thus less confusion for requesting clinicians.
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